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ABSTRACT 
Objective: Banana waste, especially corms, has potential as a source of haircare agents due to its active compound, anthraquinone, which is known 
to promote hair growth. This study aimed to assess preparations of hair tonic shampoo containing Musa acuminata Colla corm extract and evaluate 
their characteristics and stability.  
Methods: Three shampoo formulas were prepared containing 8%, 10%, and 12% corm extract. Physical stability tests were performed at high 
(60±2 °C) and room temperature (25±2 °C) for three weeks. The shampoo formulas were evaluated for their organoleptic properties (colour, form, 
and odour), homogeneity, pH, density, viscosity, rheology, foam height and stability, and surface tension.  
Results: The shampoo formulas with corm extract were white to yellowish-white, creamy, and smelled of banana, and were homogenous without 
precipitation. The formulas had a pH of 6.08–6.12, a density of 1.027–1.054 g/ml, foam height of 3.56–3.63 ml, the surface tension of 28.92–29.85 
dyne/cm, viscosity of 16,000–120,000 cps and pseudoplastic flow properties.  
Conclusion: The natural hair tonic shampoo formulas prepared with M. acuminata corm have good characteristics. 
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INTRODUCTION 
Banana plants, including their corms, are known to contain chemical 
compounds such as anthraquinones that promote hair growth [1]. 
Banana is widely cultivated in Indonesia, especially in rural areas. 
They have been traditionally grown in tropical and subtropical 
regions in rural and urban home gardens and mixed gardens [2]. 
One of the best-known bananas in Indonesia is the Ambon banana 
(Musa acuminata Colla) [3]. Traditionally, the sap of the banana 
corm has been used to promote the growth of bushy black hair. The 
banana plant that has been cut and poured, after 24–48 h the hole 
will sap in clear liquid removed from the hole [4]. Extracts of the 
Ambon banana corm contains secondary metabolites, such as 
anthraquinones, saponins, flavonoids, ascorbic acid, quinones, 
lectins, and tannins [5, 6]. Extracts of plants containing 
anthraquinones have been used to prevent hair loss and promote 
hair growth [7]. The banana corm is usually discarded as waste. 
However, it can be developed into a useful and profitable source of 
compounds used in cosmetic preparations, such as shampoos, hair 
cream baths, and hair tonics [8].  
Haircare cosmetics of the future should be safe and effective. Their 
effects should be localized, and they should not be harmful to 
mucous membranes, hair and skin, and should be safe to the body as 
a whole; in addition, they should be easy to use and be able to be 
applied topically [8]. All these aspects are mainly determined by the 
materials used and the way of manufacture, storage, and use of 
preparations [9]. Currently, many natural shampoo formulations are 
based on synthetic detergents and other chemical additives, with 
herbal extracts, added only to increase their efficacy. Amin et al. 
studied a herbal shampoo made from green tea [10]. Al Badi and 
Khan studied a natural shampoo derived from five herbal extracts 
(Acacia concinna, Sapindus mukorossi, Phyllanthus emblica, Ziziphus 
spina-christi, and Citrus aurantifolia) in different proportions in a 
10% aqueous gelatin solution [9]. A cream bath formulation made 
with banana corm extracts with a 4% concentration had the best 
effect on hair growth [1].  
Our study aims to develop a shampoo preparation from the Ambon 
banana plant as a sustainable way to make use of a waste by-product 
of its cultivation. We prepared a herbal hair tonic with an extract of 
M. acuminata corm and evaluated its characteristics and stability. 
MATERIALS AND METHODS 
Materials  
Ambon banana corms were obtained from the Indonesian Spice and 
Medicinal Crops Research Institute (Balitro) Bogor, West Java, 
Indonesia. The Ambon banana has the taxonomic plant identification 
no. 1166/IPH.1.02/lf.8/VII/2014 at Herbarium Bogoriense, 
Botanical Division, Research Center for Biology, Indonesian Institute 
of Sciences (LIPI) Bogor. Methylparaben, propylparaben, sodium 
metabisulphite, aqua dest, Sudan III, methylene blue, sodium lauryl 
ether sulphate, citric acid, cocamidopropyl betaine, and propylene 
glycol were purchased from Brataco Chemical Co. (Jakarta, 
Indonesia). Hydroxypropyl methylcellulose (HPMC) was purchased 
from Sarda Co. (Jakarta, Indonesia).  
Preparation of Musa acuminata corm extract  
The Ambon banana corms were washed first, cut into small pieces, 
and then added to water at a ratio of 1:10 water: banana pieces by 
volume and blended until smooth. The blended mixture was filtered 
using filter paper, and sodium metabisulphite added to the filtrate, 
which was then stored at 4 °C. The extract was used for organoleptic 
observations, pH measurement, and phytochemical screening.  
Phytochemical screening of corm extract 
Phytochemical screening was performed to analyse anthraquinones, 
flavonoids, saponins, and tannins, according to the method of Munir 
et al. with some modifications [11]. 
Preparation of shampoo 
The shampoo preparations were made using different percentages 
of corm extract and other ingredients by weight according to each 
formula shown in table 1. Sodium metabisulphite was dissolved in 
aqua. Then the corm extract was added at 40 °C (mixture A). HPMC 
was dispersed slightly in hot water (60–70 °C), the mixture was 
then stirred and agitated, and allowed to stand until reaching a 
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temperature of 20–25 °C or lower; a homogeneous HPMC solution 
(mixture B) was thus produced. Sodium lauryl ether sulphate was 
dissolved in enough water until homogeneous, then 
cocamidopropyl betaine, propylene glycol, and methylparaben 
were added and mixed until homogenized (mixture C). Mixtures B 
and A were added to C, then mixed with aqua dest until 
homogenous. Then banana perfume was added and citric acid was 
used to adjust the pH to 6. 
 
Table 1: Shampoo formulas prepared with Musa acuminata corm extract 
Materials Hair tonic shampoo 
Amount (%) 
F0 F1 F2 F3 
Corm extract 0.0  8.00 10.00 12.00 
Methylparaben  0.15  0.15 0.15 0.15 
Propylparaben  0.05  0.05 0.05 0.05 
Sodium metabisulphite  0.10  0.10 0.10 0.10 
Sodium lauryl ether sulphate  12.00 12.00 12.00 12.00 
HPMC* 1.75  1.75 1.75 1.75 
Cocamidopropyl betaine 4.00  4.00 4.00 4.00 
Propylene glycol 8.00  8.00 8.00 8.00 
Stearic acid q. s.  q. s. q. s. q. s. 
Parfum  q. s.  q. s. q. s. q. s. 
Aquadest ad 100 100 100 100 
 *HPMC = Hydroxypropyl methylcellulose 
 
Shampoo evaluation 
The shampoo formulas were evaluated for organoleptic properties, 
homogeneity, pH, density, surface tension, foam height and stability, 
and rheology. The organoleptic evaluation included assessments of 
colour, odour, and form of the shampoo. The pH was determined 
with a 10% aqueous solution of shampoo and measured using a pH 
meter at room temperature [9]. A 0.1% shampoo solution was used 
for measuring the surface tension using a tensiometer [12].  
Evaluation of foaming ability and stability of foam 
Foaming ability was determined by shaking 50 ml of 0.1% shampoo 
solution in a covered graduated glass cylinder (250 ml) for 20 s. 
Foam height was measured to determine its stability. Foam stability 
was measured twice for each formula after shaking for 20 s and 
storage for 20 min [9]. 
Rheology evaluation 
Viscosity was determined with a Brookfield RV viscometer 
(Brookfield Engineering Laboratories, Stoughton, Mass., USA) at rpm 
of 0.5, 1, 2, 2.5, 4, and 5 with spindle #6 attached. The viscosity of all 
shampoo formulas was measured in triplicate at room temperature. 
The rheology of the formulas was determined by calculating curves 
for the rate of shear (rpm) versus shearing stress (F/A) [13]. 
Stability tests 
The shampoo formulas were stored at room temperature and 60 °C. 
The evaluation was made every week for three weeks using a 
modification of Colgan et al.’s method. Every preparation was 
evaluated for organoleptic properties, pH, homogeneity, specific 
gravity, surface tension, foam height and stability, and rheology [14]. 
RESULTS AND DISCUSSION 
Characterization of the Musa acuminata corm extract 
The corm extract was liquid in form, with a light odour of banana 
and a yellowish-white colour (fig. 1 and table 2). The extract had a 
pH of 7.22, which affected the formulation of shampoo in the next 
step in this study. 
Phytochemical screening of the corm extract 
The results of the phytochemical screening are given in table 3. The 
flavonoid test produced an orange colour in the amyl alcohol layer, 
indicating that the extract contained flavonoids. The saponin test 
resulted in the formation of stable foam, indicating the presence of 
saponins. The test for tannin compounds resulted in an orange 
colour rather than a brownish-green or blue-black colour; therefore, 
the extract did not contain tannins. The test for anthraquinones gave 
a yellow filtrate, indicating that the extract contained 
anthraquinones [11]. Therefore, these results show that M. 
acuminata corm extract may be able to promote hair growth and can 
be used in tonic shampoo preparations. 
Shampoo evaluation 
The shampoo formulas were thick solutions, yellowish-white in colour, 
and with the characteristic odour of M. acuminata (fig. 2 and table 4). 
 
 
Fig. 1: Musa acuminata Colla (a) corm, (b) sliced corm, and (c) corm extract 
 
Table 2: Organoleptic properties and pH of Musa acuminata corm extract 
Evaluation Result 
Form liquid 
Odour light bananas 
Colour yellowish-white 
pH 7.22 
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Table 3: Phytochemical screening of Musa acuminata corm extract 
No Substance Result    
1 Flavonoids Orange layer + 
2 Saponins Stable foam + 
3 Tannins Orange colour  - 
4 Anthraquinones Yellow filtrate + 
 
 
Fig. 2: Shampoo formulas prepared with Musa acuminata corm extract 
 
Table 4: The results of the tests for organoleptic properties of the shampoo formulas prepared with Musa acuminata corm extract. F0 
formula did not include the extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
Temperature (°C) Formula Form Colour Odour 
 F0 thick solution white odourless 
20–30 F1 thick solution yellowish-white  Musa acuminata Colla  
 F2 thick solution yellowish-white Musa acuminata Colla  
 F3 thick solution yellowish-white Musa acuminata Colla 
60 F0 thick solution white odourless 
 F1 thick solution yellowish-white  Musa acuminata Colla  
 F2 thick solution yellowish-white Musa acuminata Colla  
 F3 thick solution yellowish-white Musa acuminata Colla 
The organoleptic characteristics were caused by the physical mixing of the extract and the other components of the shampoo. Thick shampoo is more 
trusted by consumers because they believe it works better than thin shampoos [16]. All shampoo formulas in this study are expected to work well. 
 
The results of tests for homogeneity and pH are given in table 5. All 
shampoo formulas were homogeneous, indicating that the active 
ingredients of the corm extract were evenly distributed. The shampoo 
formulas were slightly acidic (pH 6.08–6.12). The increase in the 
concentration of the extract in the shampoo formula can increase its 
pH [17]. The pH of the corm extract was 7.22, which is almost close to 
neutral, whereas the pH of the formula without extract (F0) was 6.06; 
consequently, the formulas with the extract had an intermediate pH. 
Detergents in most shampoos have an alkaline pH, which can cause 
swelling of the hair shaft [16]. The pH of our formulas is in the range of 
normal skin pH (4.5–6.5). Therefore, our shampoo formulas are not 
expected to irritate the skin and are safe to use. 
The densities of all the formulas are within the range specified for 
shampoos by Indonesia National Standard (SNI) of about 1.02 g/ml 
at 20–25 °C. The increase in density from F1 to F3 was caused by the 
difference in the concentration of the corm extract in each formula. 
The shampoo formulas also produced enough foam; foam heights of 
the formulas were more than that of F0, and in all cases, the foam 
was stable after 300 s in storage (table 6). A good shampoo produces 
sufficient foam when shaken with water and, therefore, foam is an 
important parameter in the evaluation process [15]. In our study, 
there was sufficient foam on the liquid layer covering more than half 
of the test tube when examined; therefore, all the shampoo formulas 
produced foam with a good height and stability. 
Rheology evaluation 
The results for the rheology test of shampoo extracts are presented in 
fig. 3. The curves show a slower increase of the shearing rate, after an 
initial rapid increase, because it takes some time for the shampoo 
formulas to recover viscosity after cessation of stress. This suggests a 
breakdown of structures that do not recover immediately if stress is 
removed or raised [15]. Therefore, the shampoo formulas had 
pseudoplastic thixotropic rheology. These rheological properties will 
result in each shampoo being able to be poured easily from the bottle 
into the palm of the hand for application to the hair, and elimination of 
dripping through the fingers or down the face and neck [18]. 
 
Table 5: Homogeneity, pH, density and surface tension of shampoo formulas prepared with Musa acuminata corm extract. F0 formula did 
not include the extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
Temperature ( °C) Formula Homogeneity pH Density (g/ml) Surface tension (dyne/cm) 
  F0 homogeneous 6.06±0.04 1.045±0.02 27.99±0.04  
20–30 F1 homogeneous 6.08±0.04 1.049±0.02 28.92±0.05 
 F2 homogeneous 6.09±0.04 1.051±0.02 27.99±0.05 
  F3 homogeneous 6.12±0.04 1.053±0.02 29.85±0.05 
60 F0 homogeneous 6.06±0.04 1.045±0.02 27.99±0.04  
 F1 homogeneous 6.08±0.04 1.049±0.02 28.92±0.05 
 F2 homogeneous 6.09±0.04 1.051±0.02 27.99±0.05 
  F3 homogeneous 6.12±0.04 1.053±0.02 29.85±0.05 
Note: The data are given as mean±SD (n = 3). 
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Table 6: The height and stability of foam produced by shampoo formulas prepared with Musa acuminata corm extract. F0 formula did not 
include the extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
Temperature °C Time of storage after foam formed (s) Height and stability of foam (ml) 
F0 F 1 F 2 F 3 
20–30 20 3.55±0.04 3.58±0.05 3.62±0.04 3.67±0.05 




     
20 3.55±0.05 3.58±0.06 3.62±0.04 3.67±0.05 
300 3.45±0.08 3.56±0.08 3.50±0.05 3.63±0.08 
Note: Data are presented as mean±SD (n = 3). 
 
 
Fig. 3: The result of rheology tests of the shampoo formulas prepared with Musa acuminata corm extract. F0 formula did not include the 
extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
 
Stability test 
The results of the stability test of shampoo formulas are given in 
table 7 and fig. 4–9. None of the shampoo formulas showed changes 
in odour, colour, form, homogeneity, pH, density, surface tension, 
and foam height and stability after storage at room temperature (25-
30 °C) and at 60 °C. This suggests that all shampoo formulas are 
stable in storage at room temperature and 60 °C for 21 d. 
 
Table 7: The organoleptic properties of the shampoo formulas prepared with Musa acuminata corm extract after storage at room 





Form Colour Odour Homogeneity 
F0 F1 F2 F3 F0 F1 F2 F3 F0 F1 F2 F3 F0 F1 F2 F3 
25–30 0 TS TS TS TS W YW YW YW B B B B H H H  H 
7 TS TS TS TS W YW YW YW B B B B H H H H 
14 TS TS TS TS W YW YW YW B B B B H H H H 
21 TS TS TS TS W YW YW YW B B B B H H H H 
60 0 TS TS TS TS W YW YW YW B B B B H H H  H 
7 TS TS TS TS W YW YW YW B B B B H H H H 
14 TS TS TS TS W YW YW YW B B B B H H H H 
21 TS TS TS TS W YW YW YW B B B B H H H H 
Note: TS = thick solution; W = white; YW = yellowish-white; B = banana odour; H = homogeneous. 
 
 
Fig. 4: pH of the shampoo formulas prepared with Musa acuminata corm extract at (a) room temperature and (b) 60 °C. F0 formula did not 
include the extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
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Fig. 5: Density of the shampoo formulas prepared with Musa acuminata corm extract at (a) room temperature, and (b) 60 °C. F0 formula 
did not include the extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
 
 
Fig. 6: Surface tension of the shampoo formulas prepared with Musa acuminata corm extract at (a) room temperature, and (b) 60 °C. F0 
formula did not include the extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
 
 
Fig. 7: The stability of foam height of shampoo formulas prepared with Musa acuminata corm extract at (a) 20 s after shaking at room 
temperature; (b) 20 s after shaking at 60 °C; (c) 5 m aging after shaking at room temperature; and (d) 5 m aging after shaking at 60 °C. F0 
formula did not include the extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
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Fig. 8: The rheology of shampoo formulas prepared with Musa acuminata corm extract stored at room temperature: (a) at day 0; (b) at 




Fig. 9: The rheology of shampoo formulas prepared with Musa acuminata corm extract stored at 60 °C: (a) at day 0; (b) at day 7; (c) at day 
14; and (d) at day 21. F0 formula did not include the extract, and F1, F2 and F3 consisted of 8%, 10% and 12% extract, respectively 
 
The rheology of shampoo is highly temperature-dependent (fig. 8 
and 9). The viscosity of shampoo decreased by approximately 10%. 
The efficiency and quality of the production process will affect the 
rheological properties of fluid systems [19, 20]. The curves in fig. 8 
and 9 show that all formulas were still in pseudoplastic thixotropic 
rheology after storage for three weeks at room temperature (20–30 
°C) and 60 °C. Therefore, the rheological properties of all formulas 
were stable in storage for 21 d at the two temperatures tested. 
The results of all the evaluations show that the quality of all three 
tonic shampoo formulas is good and that they are safe and easy to 
apply. They are also more stable than the sap of the banana corm 
used traditionally. The next phase of the research is to study the 
effectiveness of the shampoo to promote bushy and black hair 
growth. The results of our study demonstrate that a waste by-
product, i.e. the corm, of Ambon banana cultivation can be 
successfully used for shampoo preparation, providing an avenue for 
extending the use of the plant and generating further profitability. 
CONCLUSION 
The M. acuminata corm can be used for preparing shampoo 
formulations, demonstrating a profitable use of a waste by-product 
of cultivation. All shampoo formulas made with different 
proportions of corm extract are of good quality and stable at room 
temperature. All formulas have a thick form, and are yellowish-white 
in colour, with the odour of M. acuminata. The shampoo formulas 
are homogeneous and have a pH of 6.08–6.12, density of 1.049–
1.053 g/ml, and surface tension of 28.92–29.85 dyne/cm, and the 
stability of foam height was between 3.56–3.63 ml. The formulas 
have a viscosity of 16,000–120,000 cps and pseudoplastic 
thixotropic rheology. 
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